Introduction
Populations of browsing herbivores, including moose (Alces alces), have been expanding and increasing in density across Europe and North America in recent decades (Solberg et al., 1999; Cô te et al., 2004; Milner et al., 2006) , with consequences for forest ecosystems (Motta, 1996; Hornberg, 2001; Rooney, 2001) . Intense browsing by deer is widely regarded as a problem in forest regeneration (Reimoser and Gossow, 1996; Bergqvist et al., 2003) as it impedes tree growth and survival (Welch et al., 1992; Vila et al., 2003; Persson et al., 2005) and lowers timber quality (e.g. leader stem browsing; Gill, 1992; Bergqvist et al., 2001) . Throughout Scandinavia, the main conflict between forestry interests and moose concerns recurrent browsing on commercially valuable young Scots pine (Pinus sylvestris) stands during winter (Danell et al., 1991b; Edenius, 1993; Ball and Dahlgren, 2002; Bergqvist et al., 2003; Kalen and Bergquist, 2004) . The impact on young trees can be severe where local moose densities are high (Lavsund, 1987; Andren and Angelstam, 1993) . Attempts have been made to control excessive forest browsing by reducing moose densities locally (Lavsund et al., 2003) but the effects of culling have been controversial (Cô te et al., 2004 ).
An alternative and increasingly common wildlife management practice is to provide supplementary food for game animals (Smith, Diversionary winter feeding of browsing ungulates is an increasingly common management practice although evidence for its efficacy to reduce excessive browsing remains ambiguous. Moreover, comparative estimates on changes in browsing pressure (proportion of available shoots browsed) following long-term winter feeding are currently lacking. We quantified spatiotemporal changes in browsing pressure of moose (Alces alces L.) on commercial and non-commercial tree species around 30 feeding stations after 15-20 years of winter feeding. The results were compared with browsing pressure indices recorded at the same feeding stations 10 years previously. We expected leader stem and lateral twig browsing to have increased over time at a fine spatial scale ( 200 m from feeding station) and to have increased in spatial extent away from feeding stations. Furthermore, we tested whether moose browsing patterns conformed to central-place foraging theory. Despite 2-3-fold higher faecal pellet group numbers in the vicinity of feeding stations, leader stem browsing increased only on the commercially valuable Norway spruce (Picea abies (L.) Karst), a species normally avoided by moose. Lateral twig browsing largely decreased within 200 m of feeding stations while at a broader scale ( 1 km from feeding stations), leader stem browsing was high on most tree species (ca. 60% of available stems browsed) as expected, Peak browsing on lateral twigs of Scots pine (Pinus sylvestris L.) occurred further from feeding stations after 15-20 years of winter feeding than 10 years earlier. Browsing pressure on active feeding stations (n = 18) was comparable to that on inactive feeding stations (n = 12), suggesting the occurrence of rebrowsing. The ability of central-place foraging theory to explain fine-scale browsing patterns around feeding stations decreased as diversionary feeding continued over time. Long-term diversionary winter feeding of moose in unproductive boreal forests has serious implications for the intensity of fine-scale browsing pressure, which may lead to resource depletion close to feeding stations followed by high browsing pressure at distances further away from feeding stations. Our study emphasizes the importance of considering the longevity of a winter feeding programme at its inception.
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2001; Peek et al., 2002; Putman and Staines, 2004) . The main goals of supplementary feeding are to increase body weight, survival rate, and reproductive performance in order to maintain high population densities (see Putman and Staines, 2004 for a detailed review). However, feeding may also be carried out to control or reduce environmental damage, particularly to agriculture, forestry and habitats of high conservation value, or to reduce animalvehicle collisions. The rationale behind such feeding (diversionary feeding), is to divert animals away from, e.g. major traffic arteries, young forest stands or other valuable habitats via the provision of an alternative strategically placed food source (Putman and Staines, 2004; van Beest et al., 2010) . Various studies have shown that feeding stations can serve as attraction points and that regular feeding of cervids may restrict space use to the vicinity of feeding stations (e.g. roe deer (Capreolus capreolus): Guillet et al., 1996;  white-tailed deer (Odocoileus virginianus) : Doenier et al., 1997; Kilpatrick and Stober, 2002) . van Beest et al. (2010) showed how moose that used diversionary forage in a commercial forest in southern Norway concentrated their movements within 1 km of feeding stations, with a decreasing probability of using habitat further away, as expected from central-place foraging theory (Orians and Pearson, 1979) . In contrast, moose that did not use feeding stations were most likely to select areas at distances >1500 m from feeding stations.
Diversionary feeding has the potential to reduce cervid-vehicle collisions (Wood and Wolfe, 1988; Gundersen et al., 1998; Andreassen et al., 2005) , however, its efficacy in decreasing forest damage remains equivocal and appears to depend, among other things, on the animal species and the spatial and temporal scales under investigation (Sullivan and Klenner, 1993; Gundersen et al., 2004; Ziegltrum, 2004; van Beest et al., 2010) . Browsing ungulates that receive supplementary forage frequently continue to forage on natural vegetation, which can cause excessive browsing, especially in the vicinity of feeding stations (Schmitz, 1990; Doenier et al., 1997; Gundersen et al., 2004; Putman and Staines, 2004; Cooper et al., 2006) . Although the extent of such heavily utilized browsing zones (i.e. sacrifice areas that are of reduced economical value to commercial timber production) has been documented in the past (Doenier et al., 1997; Gundersen et al., 2004) , their dynamics over time as diversionary feeding continues is not known.
The aim of this study is to assess moose browsing pressure, quantified by the proportion of available leader stems and lateral twigs browsed around winter feeding stations, after 15-20 years of use and to compare the intensity and scale of browsing with that observed 10 years earlier (Gundersen et al., 2004) . If long-term diversionary feeding has no effect on fine-scale movement and foraging behavior of moose then browsing pressure around feeding Fig. 1 . Map of the study area in southeast Norway with x-and y-coordinates given every 5 km using the Universal Transverse Mercator (UTM) coordinate system (UTM zone 32N). The map shows the spatial distribution of feeding stations (n = 30), lakes, rivers and major roads. Circles indicate feeding stations that were active (n = 18, black) or inactive (n = 12, grey) during winter 2007-2008. stations should remain constant across spatiotemporal scales (H 0 ). Alternatively, if feeding stations act as focal attraction points (van Beest et al., 2010) which may intensify the use of habitat close to feeding stations (Peek et al., 2002; Cooper et al., 2006; Luccarini et al., 2006) then fine-scale browsing pressure should increase across spatial and temporal scales (H A1 ). Moreover, browsing patterns should conform to central-place foraging theory, with a declining probability of use of locations with increasing distance from the focal point (Schoener, 1979; Rosenberg and McKelvey, 1999) , in this case a feeding station (H A2 ). To test hypothesis H A1 we predict (P 1 ): the intensity of moose browsing around feeding stations to have increased over time (higher proportion of browsed leader stems and lateral twigs 200 m from feeding stations than 10 years earlier) and (P 2 ): a high occurrence of intense moose browsing beyond 200 m from the feeding stations. To test hypothesis H A2 we predict (P 3 ): browsing pressure to decline with distance from feeding station (decreasing proportion of lateral twigs and leader stems browsed with increasing distance from feeding stations).
Methods

Study area and diversionary feeding
The study area is located in Stor-Elvdal municipality, Hedmark County, southeast Norway ( Fig. 1 ) and ranges in elevation from 250 to 1100 m with the forest line at approximately 800-900 m. The area is dominated by a low-productive, commercially managed, boreal forest with pure or mixed stands of Scots pine and Norway spruce (Picea abies). In addition, deciduous species such as birch (Betula pubescens Ehrh. and B. pendula Roth.), rowan (Sorbus aucuparia L.), willow (Salix spp.) and aspen (Populus tremula L.) occur at low densities throughout the area. Mean temperature and snow-depth at 240 m during November-April 1997-1998 were À3.2 8C and 30.2 cm, respectively, and À2.5 8C and 52.7 cm during November-April 2007-2008 (Haugedalen weather station in the same coniferous forest approximately 35 km south of the study area; Norwegian Meteorological Institute; http://www.eklima.-met.no). The cervid community in the municipality is dominated by moose (>1.1 moose/km 2 during winter; Gundersen et al., 2008) with very low densities of roe deer (Capreolus capreolus L.) and red deer (Cervus elaphus L.). Diversionary feeding of moose was initiated in the late 1980s by local landowners with the aim of reducing moose-vehicle collisions (Andreassen et al., 2005) . The supplemental food consists of baled roughage, predominantly mixed graminoids, and one bale of silage weighs $600 kg. Feeding stations are located at fixed (permanent) sites along forest roads with low human activity. The supplemental food is provided ad libitum for up to 6 months of the year (i.e. November through April, with starting and ending time depending on annual snow conditions). The total amount of supplemental food provided at feeding stations increased greatly over the last decade with $150 ton (across 44 feeding stations) during winter 1997-1998 and $1700 ton (across 157 feeding stations) during winter 2007-2008.
Quantifying browsing pressure
In Scandinavia, the winter diet of moose is typically composed of twigs of Scots pine and various deciduous tree species (Hornberg, 2001; Må nsson et al., 2007) . The tree species considered in this study (i.e. target species) were: rowan, aspen, several willow species, silver birch, downy birch and the Table 1 Species-specific overview of (A) the mean number of all trees above 0.5 m present within sampling plots (50 m 2 ), and (B) the mean height of all trees sampled (within the height range 0.5-3 m) per distance from feeding station in 1998 and 2008 in Stor-Elvdal, Norway. commercially harvested species Scots pine and Norway spruce. Although Norway spruce is not a preferred forage species of moose (Cederlund et al., 1980; Hornberg, 2001; Kalen and Bergquist, 2004) it was included because of previously observed leader stem browsing in the vicinity of feeding stations (Gundersen et al., 2004) . Gundersen et al. (2004) quantified moose browsing pressure on Scots pine and Norway spruce around 30 feeding stations during spring 1998 using circular sampling plots of 50 m 2 located at 12.5, 25, 50, 100, 200 m from feeding stations (for methodological details see Gundersen et al., 2004) . To evaluate temporal changes in browsing pressure (P 1 ), we recorded browsing pressure around the same feeding stations at the same distances during spring 2008. Furthermore, as browsing is expected to have expanded spatially over time (P 2 ), additional browse surveys were carried out at 500 and 1000 m from feeding stations. Sampling plots were established along 2 transects radiating out from the center of each feeding station in a random direction at a minimum of 258 from each other. With this design 14 plots were established around each station with a total of 420 plots sampled across the study area. Use of habitat by moose was estimated by counting faecal pellet groups (Ball and Dahlgren, 2002; Palmer and Truscott, 2003) . Pellet groups from the previous winter were distinguished from older pellets by color, texture and position relative to litter and old vegetation (Neff, 1968) . Furthermore, we recorded the total number of alive trees of all species present (!0.5 m high) within each plot. Trees <0.5 m high were assumed to be unavailable to moose during winter due to snow cover. An overview of tree numbers and average height of target species per sampling plot and distance are given in Table 1 . For each target species present in a plot, one tree was selected, based on the average height of that particular species within a plot, and we recorded: (i) presence/absence of leader stem browsing during previous winter, (ii) the number of lateral twigs available within moose browse height (0.5-3 m: Danell et al., 1985) , and (iii) the number of lateral twigs browsed during the previous winter. The same measurements were taken in 1998, except that presence/absence of leader stem browsing was only recorded for Scots pine and Norway spruce (Gundersen et al., 2004) . Last winter's browsing was separated from earlier browsing by color and moisture on the bitten edge of the twigs.
Statistical analysis
Species-specific browsing pressure around feeding stations was modeled with generalized additive mixed models (GAMMs) using the library mgcv (Wood, 2006) implemented in R (R Development Core Team, 2008) . GAMMs provide a flexible framework to model species-habitat relationships (Aarts et al., 2008) . Explanatory variables, with expected non-linear effects, can be fitted as parametric or non-parametric smoothing terms and moreover, variables can be modeled as random effects (see Augustin et al., 2007; Musio et al., 2007 for applications in forestry).
Leader stem and lateral twig browsing around feeding stations were modeled separately for each target species using a logistic Table 2 Parameter estimates of species-specific GAMM models predicting leader stem browsing by moose up to 200 m from feeding stations in 1998 and 2008 in Stor-Elvdal, Norway. The models include a random intercept for transect ID within feeding station ID. The models form the analytical basis for Fig. 3 link function and binomial error distribution. Due to low sample size for rowan, aspen and willow species we pooled these and created one model (RAW species group), as is typical in Scandinavian moose browse surveys (Solbraa, 2003) . For the same reason, silver birch was grouped together with downy birch (Birch species). The response variable in all models was 'browsed' (1 = yes, 0 = no) and the following predictor variables were fitted: 'year' (2 class factor; 1998-2008) and 'active' (2 class factor; feeding station (FS) used in winter 2007-2008 (active; n = 18) -FS not used in winter 2007-2008 (inactive; n = 12)) which incorporates potential differences in browsing pressure between feeding stations that were used by moose during winter 1997-1998 but were not operational during winter [2007] [2008] and those that were operational throughout the period. 'Distance from feeding station' was included as a smoothing function with the optimal smooth curve estimated by the generalized cross-validation procedure (Wood, 2006) with an upper bound set at 4 knots (3 df). The smoothing function was included for each year separately to allow browsing estimates to vary non-linearly over time and space. To test P 1 , all sampling plots from 1998 and those up to 200 m from feeding stations in 2008 were included in the analyses, so quantifying temporal differences in browsing pressure explicitly. To test P 2 , all sampling plots (up to 1000 m from feeding stations) from 2008 only were analyzed. We used a = 0.05 to evaluate significant relations between the dependent and independent variables throughout. To control for potential dependencies at higher levels than the plot level and to account for unbalanced sampling design within transects across feeding stations (Gillies et al., 2006; Aarts et al., 2008) we included transect ID nested within feeding station ID as a random intercept for the leader stem browsing analyses. Lateral twig browsing was analyzed with plot ID nested within transect ID within feeding station ID. Models that did not converge using a random intercept were analyzed using GAM (i.e. lateral twig browsing Norway spruce).
Results
Moose utilization of sites around feeding stations
The mean number of moose pellet groups per sampling plot (50 m 2 ) in the vicinity of feeding stations ( 50 m distance) was considerably higher in 2008 compared to 1998 (Fig. 2) , with a 3-fold increase at 12.5 and 25 m from feeding stations and a 2-fold increase at 50 m from feeding stations. At distances more than 50 m from feeding stations the mean number of pellet groups per plot remained similar between years (overlap between 95% confidence intervals) with few pellet groups observed at 500 m and 1000 m distances in 2008.
Temporal changes in browsing pressure
The proportion of Scots pine leader stems browsed up to 200 m from feeding stations did not differ between years (p = 0.296) but decreased with increasing distance from feeding stations only in 1998 (p = 0.004: Table 2 ; Fig. 3 ). Norway spruce leader stem browsing decreased with increasing distance from feeding stations in both years (non-significant trend in 2008: p = 0.064) but Table 2 ). Leader stem browsing on RAW species and birch species was not recorded in 1998. browsing pressure was significantly higher in 2008 compared to 1998 (p < 0.001). Leader stem browsing on RAW species and birch species was not recorded in 1998, while in 2008 the proportion of leader stems browsed on both deciduous species groups was consistently high (>60%) regardless of distance from feeding station (Table 2 ; Fig. 3 ).
The proportion of lateral twigs browsed up to 200 m from feeding stations was significantly lower in 2008 than in 1998, across all species except Norway spruce (Table 3 ; Fig. 4) . Lateral twig browsing on Norway spruce was absent in 1998, while approximately 10% of the available twigs were browsed at 50 m from feeding stations in 2008 (Fig. 4) . Lateral twig browsing was significantly higher at active than inactive feeding stations on Norway spruce and birch species (p < 0.001) but not on Scots pine (p = 0.089) or RAW species (p = 0.685: Table 3 ). The proportion of Scots pine lateral twigs browsed within 200 m of feeding stations decreased with distance from feeding station in 1998 (p < 0.001) and varied non-linearly in 2008 (p = 0.035). Lateral twig browsing on the RAW species group decreased with increasing distance from feeding station in 1998 (p = 0.011) but not in 2008 (p = 0.312). The proportion of birch species lateral twigs browsed decreased with distance from feeding station in both years (Table 3 ; Fig. 4 ).
Spatial development of browsing pressure
The proportion of Scots pine leader stems browsed during winter 2007-2008 did not decrease significantly as distance from feeding stations increased (p = 0.571; Table 4), and remained at $60% up to 1000 m from feeding stations. However, there was considerable between-station variation within 200 m of feeding stations (Fig. 5) . Furthermore, Scots pine leader stem browsing did not differ between active and inactive feeding stations (p = 0.176; Table 4 ). A similar pattern of leader stem browsing as a function of distance from feeding station was observed for the RAW species group (p = 0.422; $90% browsed up to 1000 m) and birch species (p = 0.225: $70% browsed up to 1000 m). Leader stem browsing on the deciduous species did not differ significantly between active and inactive feeding stations (p = 0.778 and p = 0.139 for RAW species group and birch, respectively; Table 4 ). Contrastingly, leader stem browsing on Norway spruce trees decreased with distance from feeding stations (p = 0.001: $50% browsed at 50 m and 0% browsed at 1000 m) and was significantly higher at active feeding stations compared to inactive stations (p = 0.023: Table 4 ; Fig. 5 ).
Browsing pressure on lateral Scots pine twigs during winter 2007-2008 varied non-linearly with distance from feeding station (p < 0.001: Table 5 ) with peak browsing pressure at 600 m from feeding stations (Fig. 6) . Lateral twig browsing on Norway spruce trees decreased with increasing distance from feeding stations but remained below 10% throughout. Browsing on RAW species lateral twigs did not decrease with distance from feeding stations (p = 0.122) in contrast to birch species twigs (p < 0.001). Browsing pressure on lateral twigs of Norway spruce and birch trees was higher around feeding stations that were actively used during winter 2007-2008 compared to inactive feeding station (p < 0.001 and p = 0.002, respectively), but this was not the case for browsing on Scots pine twigs and the RAW species group (Table 5 ; Fig. 6 ). Table 3 Parameter estimates of species-specific GAMM models predicting lateral twig browsing by moose up to 200 m from feeding stations in 1998 and 2008 in Stor-Elvdal, Norway. The models include a random intercept for plot ID within transect ID within feeding station ID. The models form the analytical basis for Fig. 4 
Discussion
The results presented here indicate that providing large herbivores with additional winter food on a long-term basis may have serious implications for the intensity of fine-scale browsing pressure and the spatial extent of forest damage. We found browsing pressure around diversionary feeding stations to increase across spatiotemporal scales (rejecting H 0 ). Moose used sites around feeding stations more heavily after 15-20 years of feeding than after 5-10 years, fulfilling our key assumption, yet the expected increase in browsing pressure in the vicinity ( 200 m) of feeding stations (P 1 ), was only observed in Norway spruce, a species generally not eaten by moose (Bergstrom and Hjeljord, 1987; Hornberg, 2001; Kalen and Bergquist, 2004) . At a broader spatial scale, we found high browsing pressure on both leader stems and lateral twigs for most target species, as expected (P 2 ). Browsing pressure on all target species decreased with increasing distance from feeding stations in 1998 as expected from centralplace foraging theory. However, after 10 years of additional winter feeding (2008) the relationship between browsing pressure and distance from feeding stations was more complex (non-linear) and the expected decrease in browsing pressure was absent for palatable species (P 3 ).
Temporal changes in browsing pressure
Contrary to our expectation (P 1 ) we found no difference in leader stem browsing for Scots pine at distances 200 m from feeding stations when the time frame of diversionary feeding increased from 5-10 years to 15-20 years. This result may be influenced by the already high browsing incidence, ca. 70%, at 5-10 years after feeding stations were established, perhaps approaching the proportion of leader stems that are easily available and attractive to the moose. By contrast, and in accordance with P 1 , leader stem browsing of Norway spruce did increase over time. Previous reports of moose browsing on Norway spruce in northern Europe are few and generally illustrate a sudden increase in localized bark stripping and browsing of lateral twigs (Randveer and Heikkila, 1996; Faber and Pehrson, 2000) . These studies proposed that high moose densities coinciding with a reduced availability of more preferred browse species are important causes for moose to include the least preferred but abundant Norway spruce into their diet. The temporal increase in Norway spruce browsing in the vicinity of feeding stations might also be attributed to a high demand for natural browse or roughage to balance the intake of the artificially supplied forage (Doenier et al., 1997) .
Browsing pressure on lateral twigs decreased rather than increased close to the feeding stations, particularly on Scots pine, in contrast to P 1 . Browsing pressure was defined and calculated as the proportion of the available twigs bitten during the last winter, but we did not record the size of the available twigs. We suggest that intense browsing over a long time period (15-20 years) has caused a decrease in size and/or nutritious quality of shoots, leading to a reduced acceptability to moose (Price, 1991) . Repeated browsing is known to negatively affect tree productivity Table 3 ). Lateral twig browsing on Norway spruce trees was absent in 1998. (Stroh et al., 2008) and browse availability for herbivores (Edenius, 1993) which can, eventually, lead to forage depletion (Andrew, 1988; Edenius, 1991; Persson et al., 2005; Cooper et al., 2006) . In a long-term moose browsing simulation experiment in Sweden, Persson et al. (2005 Persson et al. ( , 2007 showed that production of browse biomass in birch species often increased with moderate to heavy moose browsing, particularly in highly productive habitats, but decreased with the heaviest browsing intensity (5 moose per km 2 ). Such decrease in browse production due to excessive browsing on birch is associated with reduced size and nutritive quality of shoots (Danell et al., 1985) . This finding may correspond with the pattern found for birch around the feeding stations, with decreased browsing pressure over time closest to the stations, due to reduced forage acceptability, and little change further away. Scots pine showed the strongest decrease in browsing pressure in our study. Similarly, Persson et al. (2005 Persson et al. ( , 2007 showed that simulated moose browsing had a consistent negative effect on Scots pine browse production independent of habitat productivity. Scots pine has a fixed growth pattern with little flexibility in shoot production for compensatory growth. Moreover, as an evergreen, Scots pine does not store nutrients in roots or stems as most deciduous species do, but nutrients remain in the needles where they are vulnerable to browsing (Millard et al., 2001) . Although, we did not quantify compensatory tree growth in response to moose browsing in our study, it seems probable that the decrease in lateral twig browsing over time observed at distances 200 m from feeding stations is associated with an overall decrease in shoot size and available twig biomass (i.e. resource depletion) due to intensive browsing over an extended time period (15-20 years). Evidence of induced chemical defense in Scots pine twigs by moose browsing is scarce but the initial differences in acid concentrations between trees may explain why some trees are browsed more than others (Danell et al., 1990 ).
Spatial development of browsing pressure
As expected (P 2 ), browsing pressure on leader stems was high even at 1000 m from feeding station for all species except Norway spruce, suggesting that increasing numbers of moose at the feeding stations leads to an increased radius of the zone with heavy browsing. Furthermore, we found no differences in leader stem browsing between active and inactive feeding stations, except for Norway spruce, which might indicate the occurrence of rebrowsing (Bergqvist et al., 2003; Danell et al., 2003) . Correspondingly, we observed high browsing pressure on lateral twigs of the preferred RAW species group at inactive feeding stations, although browsing pressure on birch species and Norway spruce was considerably lower on inactive compared to active feeding stations. Scots pine lateral twig browsing peaked at ca. 600 m from feeding stations, suggesting that this distance provided the closest available Scots pine forage. That lateral twig browsing of Scots pine peaked at the same distance at inactive feeding stations also suggests rebrowsing.
Assessments of spatial changes in browsing impact around animal attractants such as diversionary feeding stations or near physical barriers such as fences may, from a forest-management standpoint, be important for predicting which forest stands are at risk of being severely browsed in the future. Conifer leader stem browsing by deer is considered an important problem to commercial forest management (Bergquist et al., 2009) as it may lead to loss in revenue and profitability due to lower yield, and lower timber quality (Welch et al., 1992) . Timber production has long been the main source of revenue from Norwegian forest and remains so even when browsing damage by moose is taken into consideration (Wam et al., 2005; Wam and Hofstad, 2007) . Ward et al. (2004) showed that economic losses become evident at leader stem browsing levels of !55%. In our study, browsing levels on leader stems around active feeding stations were above this Table 4 Parameter estimates of species-specific GAMM models predicting leader stem browsing by moose up to 1000 m from feeding stations in 2008 in Stor-Elvdal, Norway. The models include a random intercept for transect ID within feeding station ID. The models form the analytical basis for Fig. 5 proposed threshold even at 1000 m from feeding stations except for Norway spruce. This implies that in forested areas where diversionary feeding of browsing herbivores is practiced for extended periods (i.e. decades), leader stem browsing will increase spatially and may, eventually, impact the profitability of timber in forest stands far from feeding stations.
Implications of long-term diversionary feeding
The presence of permanent feeding stations is known to restrict seasonal space use patterns of herbivores to the vicinity of feeding stations and may even change the foraging behavior of moose to that of central-place foragers in less than 10 years of diversionary feeding (van Beest et al., 2010) . In agreement and as expected by P 3 , we observed a negative relationship between browsing pressure and distance from feeding station in 1998 (after 5-10 years of feeding) for all species and for both leader stem and lateral twig browsing (Figs. 3 and 4) . However, after 10 years of additional winter feeding (in 2008) , browsing pressure at the same spatial scale ( 200 m from feeding stations) was no longer negatively correlated with distance from feeding station for most target species in contrast to expectations from central-place foraging theory. Moreover, when assessing browsing pressure at a slightly larger scale ( 1 km from feeding stations in 2008), browsing pressure decreased only on Norway spruce leader stems (Fig. 5) and on the lateral twigs of deciduous species (Fig. 6 ). This apparent inconsistency between leader stem browsing patterns in 2008 and our expectation based on central-place foraging theory (P 3 ) could be an artifact of our sampling design (i.e. the absence of sampling plots at distances >1 km from feeding stations) or a general increase in landscape-level browsing pressure. There is some evidence, from a different area in southern Norway, that browsing pressure on Scots pine leader stems can remain constant up to 4 km from feeding stations (80% of available leader stem browsed) before decreasing to 20% at 6 km from feeding stations (Tange, 2007) . More evidence is needed to evaluate the effect of long-term diversionary feeding on changes in browsing pressure at the landscape-scale. Furthermore, the discrepancy between centralplace foraging theory and lateral twig browsing might be confounded by the depletion of lateral twig biomass following long-term browsing pressure as discussed above. This suggests that the potential of central-place foraging theory to successfully predict foraging behavior of browsing herbivores and concomitant forest damage around feeding stations declines as winter feeding continuous over time. Nevertheless, the observed browsing patterns in 2008 do, to some extent, support central-place foraging theory in terms of variation in species-specific browsing pressure as a function of distance from feeding stations. For example, centralplace foragers are expected to increase selection of preferred forage resources at greater distances from the focal point compared to lower ranked species (Schoener, 1979; Rosenberg and McKelvey, 1999) . Indeed, browsing pressure on leader stems of the preferred RAW species was high at 1 km from feeding stations (100% of available stems browsed), lower for medium preference species (60% of Scots pine and birch species) and completely absent for the least preferred Norway spruce (Fig. 5) .
During this study we had no control over the spatial positioning of the feeding stations which makes it difficult to assess potential Table 4 ). Table 5 Parameter estimates of species-specific GAMM models predicting lateral twig browsing by moose up to 1000 m from feeding stations in 2008 in Stor-Elvdal, Norway. The models include a random intercept for plot ID within transect ID within feeding station ID. The models form the analytical basis for Fig. 6 Table 5 ).
confounding effects. For example, site properties are known to affect foraging decisions of moose (Danell et al., 1991a) and browsing pressure on food items may differ between sites within the same region (Suominen et al., 2008) . Indeed, the slight misfit between real data points and model predictions for some target species could be due to small scale differences in site properties among feeding stations. Nevertheless, because feeding stations are typically placed in areas where animals are likely to occur (Putman and Staines, 2004) , and not at random, our results are useful for applied forest and wildlife management.
Conclusion
Browsing ungulates provided with supplemental feed continue to forage on the natural vegetation, creating a gradient in browsing pressure which is typically greatest near the feeding station and decreases as a function of distance from it (Schmitz, 1990; Doenier et al., 1997; Gundersen et al., 2004 ). Here we have presented clear evidence that as winter feeding continues over time, there is an increased risk of excessive browsing close to feeding stations. Leader stem browsing in particular remained high up to 1 km from feeding stations which can have important economic implications (Ward et al., 2004) . Browsing on commercially valuable Norway spruce (a species normally avoided by moose) increased after 15-20 years of diversionary feeding. Central-place foraging theory successfully predicted browsing patterns around feeding stations after 5-10 years of feeding. Long-term winter feeding shifted peak browsing pressure on important winter forage further away from feeding stations due to fine-scale resource limitation, which caused browsing patterns to deviate from central-place foraging theory after 15-20 years of feeding. As such, sacrifice areas around feeding stations will continue to expand over time, which warrants caution against long-term diversionary feeding in fixed locations. Our study emphasizes the importance of considering the appropriate time frame when deciding to initiate winter feeding and can assist in developing more effective feeding programs in areas where both wildlife management and commercial timber production need to produce benefits at the same spatial scale (Wam et al., 2005; Wam and Hofstad, 2007; Visscher and Merrill, 2009 ).
